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(54) Light emitting diode 



(57) A light emittinQ diode (10) having an efficient 
blue or green light emission is obtained by growing a 
buffer layer (1 2) composed of an Indium gallium nitride 
compound-eemicorxJuctor buffer on a sapphire sub- 
strata (14). A layer of gallium aluminum indium nitride 
compound-semiconductor (16A), which serves as the 
light emitling layer or active layer, is formod over the 
buffer layer (12). The light emitting layer (16A) has a 



similar indium content as the buffer layer (1 2) to match 
more closely the lattice constants of the layers. The lat- 
tice defects between the buffer layer (12) and the light 
emitting layer (16A) are decreased because the addition 
of indium improves the crystalline quality of the layers. 
The blue or green light emitting propeny is further im- 
proved due to the enhanced crystalline quality of the 
light emitling layer (16A). 
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Description 



This Invenllon relates to a light emitting diode, for 
example an aluminum gallium indium nHride compound- 
semiconductor device used in the structure of lasers and s 
lighl-emilting devices. 

Gallium nitride (GaN) compounds have wavelength 
emissions in the green and blue range of visible light. 
Because single crystals of gallium nitride are difficult to 
grow, commercial GaN substrates are unavailable for 10 
the epitaxial growth of GaN-based devices. Currently, 
most GaN-based light emitting devices (LEDs) are epl- 
taxially grown on a sapphire substrate. The difference 
in lattice constants between the sapphire substrate and 
the GaN-based semiconductors makes it difficult to is 
grow a high quality GaN-based epitaxial layer on the 
sapphire substrate. Furthermore, ahighlyconductive p- 
type GaN semiconductor is nearly impossible to obtain 
due to combinations of high n-type background concen- 
tration and low p-type doping activlly. Although the bask; zo 
heterojunction device concepts have been well under- 
stood lor many years, these dtfficutties stymied the de- 
velopment of efficient heterojunction lasers and LEDs 
emitting green or blue light using an AIGaInN material 
system. 2s 

During the late 19605, a highly efFiciant GaN-based 
LED became a possibility when researchers discovered 
the importance of growing GaN or AIN buffer layers at 
low temperatures. Growing a buffer layer on a sapphire 
substrate at tow temperatures improves the morphology 30 
of the subsequently grown GaN layer and reduces the 
n-lype background concentratton of the GaN materials. 
This coupled wKh post-growth themial annealing or low 
energy electron beam irradiation to activate the p-type 
dopants has made growing conductive p-type GaN eas- 3S 
ier. Those technotogical advances have greatly accel- 
erated the progress In device development of an AI- 
GaInN material system for optoelectronics and ctherap- 
plteations. 

Figure 1 illustrates a prior art semiconductor (as 40 
taught by Manabe. et al. in U.S.P.N. S.122,B45) having 
a AIN buffer layer to improve the GaN material quality 
for an efficient blue LED. Figure 2 Illustrates another pri- 
or art Bemk»nductor {as taught by Nakamura In U.S.P. 
N. 5,290.393) having an AI^Gai.^(0ac<1) forthe same « 
purpose but directed towards an efficient green LED. 
However, both methods exhibit slmQar problems. One 
major problem Is the purity of the cotor of these LEDs. 
In both cases of the prtor art, the LED produces a v^Kish 
color to the human eye that Is composed of wkJe spec- so 
trum ultraviolet and visible wavelengths. Further, eye 
damage can result from prolonged exposure to the In- 
tense UV light. These LEDs are therefore inappropriate 
for many applications because the color is unpure and 
also unsafe. A second problem with the prtorart Is that 
the material selected for (he buffer layers limits the indi- 
um content to less than 25% and the thickness of 
Gai.,lnxN active layer to less than 20OOA. This Is to 



avoid the generation of misfit distocatkxis in the heter- 
ojunction interface so that the efficiency of the device 
can be maintained. Misfit dislocations are detrimental to 
the performance of the photonic devices, such as laser 
and LEDs. As a result, the device is limited to a thin 
strained Ga^.j^ln^ active layer which limKs the band- 
to-band recombination process because the tunable 
range of the bandgap energy of the active layer is pro- 
portional to the indium content. The resulting emissions 
from the donor-acceptor pair recombination process of 
these LEDs are not in the color range of the visible spec- 
trum. The spectrum wkJth of recombination of the donor- 
acceptor pairs when used for generatingblue and green 
light is very broad and inefficient when compared lo 
band-to-band recombination. 

A safe and efficient LED emitting light in the visible 
range without limiting the thckness or Indium content of 
(he Alj,Gai.x.j,lnxN double hete restructure layer is desir* 
able, it woukJ also be beneficial if the double heter- 
ostructure of (he active layer could be more efficiently 
used to prcvkle prat^ical commercial light emittng ap- 
plicatkxis. 

The present inventton seeks (o provide an Improved 
ligh( emitting dkxle. 

According (o an aspect of Ihe present invention, 
there is provided a light emitting dtode as specified In 

claim 1. 

In the preferred embodiment, a light emitting diode 
(LED) in whtoh a blue light is a high-efficiency emitting 
light can be obtained by growing an AlyGa^^n^N 
based compound-semconductor buffer layer on a sap- 
phire substrate. An active layer composed of double het- 
erostruclure (DH) of AI^Ga, .^.^Inj^N is fomied over a tow 
temperature grown Ga,.^lnxN buffer layer. Because the 
DH stnjcture and the buffer layer haveslmllar indium 
contents, the DH structure has a similar lattice constant 
to that of the buffer layer. An optional dislocatton reduc- 
tion layer, which may be a superlattfce structure either 
containing strained or unstrained layers of 
AlyGat.x^nxN alloys or a linear graded layer of 
AiyGai.x Jn^N alley can be included between the buffer 
layer arid the DH structure to prevent the distocations in 
the buffer layer from propagating Into the active layer of 
the OH structure. 

As a result, the efficiency of the ^Qa^^^n^N DH 
structure LED for visible light applicatkxis can be further 
improved due to the addition of indium in Ihe altoye 
which eliminates ttie ushg the donor'ecceptor p^r re- 
combination procese and this etralned active layers. The 
cotor purity of the blue and green A^ai^n^N based 
LEDs Is also Improved. 

The method also envisages a method of producing 
a light emitting dlodeas herein specined, which Includes 
steps apparent from the teachings herein. 

An embodiment of the present Inventton Is de- 
scribed betow. by way of example only, with reference 
to the accompanying drawings. In which: 
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Figure 1 illustrates a prior art semiconductor slruc- 
lure. 

Figure 2 illustrates another prior art semiconduclor 
structure. 

Figure 3 is a cross-sectional view of an embodiment s 
of the semiconductor structure. 
Figure 4 is a cross-sectional view at another em- 
bodiment or the semiconductor structure. 

It will be appreciated by the reader skilled in this art ro 
that any values or ranges given herein can bo modified 
or adjjsled by common extents without losing the ef- 
fects sought. Ranges given herein are also intended to 
be Inclusive of the end values. 

Figure 3 is a cross-seclional view of an embodiment w 
of the semiconductor structure 10. A buffer layer 12 
composed of an gallium indium nitride compound-sem- 
iconductor buffer layer Is formed on aeapphire substrate 
14. A DH structure layer 16 containing an actlvo layer 
16A of gallium aluminum indium nitride compound-sem- so 
Iconductor Is formed over the buffer layer 12. 

The buffer layer 12 comprising Ga,.Jn,N (0<x£l) 
is formed dlrectfy on the sapphire substrate 14 at a 
growth lomperature that ranges from 400C to 950C. 
while the thickness of the buffer layer 12 may vary be- 2S 
tween 50A and 500A. The growth temperature varies In 
direct proportbn with the indium content of the buffer 
layer 12, such that the higher the indajm content, the 
lower the growth temperature. The DH stnjcture layer 
16 comprising Alj,Gai.^^lnxN (0<x<l; 0<y<l) is fonned *j 2. 
over the buffer layer 12 at a growth temperature that 
ranges from 700C to 1050C. 

Introducing hdium into the buffer layer 12 allows for 
Increased Indium content In the DH etmcture layer 16. 
Preferably, the difference between the indium content 3s 
of the buffer layer 12 and that of the active layer 16A 
should be within 20%, As a result, the lattkie constant 
of the DH stfuctura layer 16 more closoly matches the 
lattice constant of the buffer layer 12. Bettar lattice con- 
stant matching is obtained when the Indium content of « 
the active layer 16 A Is equal to the tmflum content of the 
buflerlayBrl2, Reducing the differerwe between the lat- 
tice constant ot the bufler layer 12 and the Iattk:e con- 
slant of the DH structure layer 16, preferabty within a 
tdeiance of ± .5%. Improves the ci^talline quality of « 5. 
the DH structure layer 16. Indium further narrows the 
spectral width of the devices because the amissions 
from the active layer 16A will mainly be boni^obanti 
transitions. TTils results In a pure btkI more desirable 6. 
light emiBskJn lor many LED applications. » 

Figure 4 is a cross-sectkxial view of another em- 
bodiment of the semiconductor structure 10. A disloca- 
tion reduction layer 18, containing a gallium aluminum 
Indium nilrWo compound and a gallium Indium nitride 7. 
compound, is positioned between the buffer layer 12 « 
and the DH structure layer 1 6. The dislocation reduction 
layer 1 B absorbs the difference between the lattice con- 
stant of the buffer layer 12 and that of the DH stnjcture 



16. 

The dlskKatnn reduction layer 16 Is formed al a 
growth temperature that ranges from 400C to 950C, 
similar to the buffer layer 1 2. Stmciurally, the dislocatton 
reduction layer 16 may be a strained super lattice struc- 
ture or a linear graded structure composed of an alumi- 
num gallium indium nitride compound. 

The disclosures in United States patent applbation 
no. 08/401.643, from Which this application claims pri- 
ority, and hi the abstract accompanying this applicatton 
are incorporated herein by reference. 



Claims 

1. A light emitting dhxfe including: 

a sapphire substrate (1 4); 
a buffer layer (12) including a first lattice con- 
stant and a first indium content, formed on the 
sapphlra substrata (14), composed of an Indi- 
um gallium nitride compound; and 
a top layer (16) including a second lattice con- 
stant and a second indium content, positioned 
over the buffar layer (1 2), composed o1 a gal- 
lium indium aluminum nitride compound; 
wherein the difference between the first and the 
second lattice constant is within SE-3, 



A light emitting diode as In claim 1 , wherein the buff- 
er layer (12) has a thickness between S^m and 
SOpm, Inclusively. 

A light emitting diode as In claim 1 or 2, wherein the 
buffer layer (12) Is grown at a temperature between 
400»C and 950'C. 

A light emitting dfode as in claim 1 , 2 or 3, compris- 
ing a dislocation reduction layer (1 8) positioned be- 
tween the buffer layer (12) and the top layer (16), 
ivherebi the diskxatkxi reduction layer (16) Is oper- 
able to absorb the difference between the first and 
the second lattice constants. 

A light emitting dkxJe as in claim 4, wherein the dis- 
location rsdtjclion layer (16) is a strained super lat- 
tice Btructure. 

A light emitting diode as in claim 4, wherein the dis- 
locatk)n reduction l8yer(ie) isa Bnear graded struc- 
ture composed of an aluminum gallium Indium ni- 
tride compound. 

A light emitting dkxle as in any preceding claim, 
wherein the difference between ttie first and the 
second indium contents Is within 20%. 
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